excited in an 'electronically pre-resonant' way. When laser light is tuned to excite an electronic transition in a molecule, inelastic scattering from vibrational modes coupled to that transition can be enhanced by a factor of 10 8 (ref. 7) . However, fluorescence (and other processes that affect light emission) from the electronically excited molecule can still overwhelm the enhanced Raman scattering. By tuning a laser to the electronic pre-resonance (EPR) frequency -a wavelength slightly off the electronic resonance -a substantial enhancement is obtained in Raman scattering, but with minimal fluorescence (Fig. 1c) .
The authors therefore used bioimaging labels that could be simultaneously probed for their vibrational signatures through SRS and excited at their EPR frequency using the same laser sources. This enabled a detection limit of 250 nanomoles of a target per litreequivalent to about 150 molecules within 1 fl. They also demonstrated that small frequency shifts of the incident laser pulses away from the EPR frequency could abolish the SRS signal (see Fig. 1c , d of the paper 1 ). This demonstrates the unprecedented selectivity of the EPR-SRS approach -such a small frequency change would have only a minuscule effect on conventional fluorescence.
Wei et al. show that their technique works for commercially available fluorophoreswhich will allow biologists to adopt the technique quickly. The researchers have gone further, however, and developed a palette of 22 labels tailored to have single, isolated vibrational resonances. This will allow labels to be easily distinguished in bioimaging experiments, and will facilitate the simultaneous use of many different ones.
The authors have validated their technique in several biological contexts, using a combination of new and commercially available labels. In one example, they looked at a mixture of 16 subpopulations of cells, each of which had been cultured separately with its own type of label. The selectivity of EPR-SRS enabled each subpopulation of cells to be distinguishedallowing the researchers to take a series of images, one for each label type, over 15 minutes, and then combine them into a single image (see Fig. 4a of the paper 1 ). Bioimaging with more colour combinations has previously been reported using fluorescent labels 8, 9 , but not a greater number of individual labels.
Wei and colleagues also demonstrated proof-of-principle eight-colour imaging of mixed cell cultures and live tissue slices, using a mixture of labels that identified cell type or a biochemical process. This provided them with a powerful method for simultaneously comparing the responses of different nervous-system cells to induced conditions. For example, the authors investigated the effect on different cell types of proteasomal stresswhich occurs when the cellular mechanism for removing damaged proteins is inhibited. Their findings suggest that cells called astrocytes are more resistant to proteasomal stress than are the neurons that these cells support, which ties in with previous observations 10 . The ability to simultaneously track an increasing number of molecular species will undoubtedly expand our understanding of biological complexity. The move from singlecolour to polychromatic detection in a technique known as flow cytometry (systems with up to 18 colours are commercially available) has been key to enabling immunologists to identify numerous subsets of white blood cells 11 . This, in turn, has been crucial for analysing and diagnosing HIV infections and other haematological diseases 11 . By analogy, a polychromatic microscope could characterize the spatial arrangement and interactions of cell subpopulations in tissues and adherent cell cultures (those in which cells grow on a support, rather than as a suspension).
It remains to be seen how widely adopted Wei and colleagues' method will be -other labels, such as quantum dots, might meet the needs of current biological research. However, the complexity (from the user's perspective) and cost of an SRS microscope should not be so different from those of the two-photon microscopes used for fluorescence-based imaging. Moreover, new laser technologies will drive the cost down further, and the newly developed fluorophores should be easy to substitute for many current labels. 
Genomic compartments in barley
A high-quality barley genome reveals a surprising compartmentalization of genes and repetitive sequences in chromosomes. This advance paves the way for improved genetic optimization of cereals. See Article p.427
he produce of members of the plant tribe Triticeae can be enjoyed in many ways -as freshly baked bread, perfectly cooked spaghetti or a cool beer, for example. The Triticeae includes important cereal species such as barley, bread wheat, durum wheat and rye. But most Triticeae species have been un amenable to many of the modern molecular-breeding approaches routinely used for other crops, because their large genomes have prevented the production of high-quality DNA sequences that can be used as a reference for study. On page 427, Mascher et al. 1 report the first high-quality reference sequence of barley (Hordeum vulgare). This genome will influence not only future work in barley, but research and breeding of cereals in general.
Barley was domesticated from wild relatives around 10,000 years ago 2 , and was a major food source in the Near East. Today, it is perhaps best known for its role in the production of beer and whisky, and it is also a valuable animal feed. Although genetic research on barley has accelerated in the past decade 3 , a reference sequence of long, contiguous stretches of barley DNA has been lacking.
Mascher and colleagues took a hierarchical approach to assembling the genome, which comes from a malting barley variety called Morex that is planted in spring. The authors started by sequencing circular DNA constructs called bacterial artificial chromosomes (BACs), which each contained a tiny portion of the barley genome. They assembled these pieces into larger fragments using an existing physical map of the genome 3 that provides some information about the order in which the pieces lie.
In addition, the researchers used a sophi sticated technique for analysing the 3D structures of chromosomes, which enabled them to deduce sequence orders and to orient the assembly on the basis of the physical proximity of each sequence to others 4 . This approach was validated in work on the human genome 5 , and last year was used to construct a new genome 6 for the frog Xenopus laevis. In total, the researchers assembled 4.79 gigabases of the estimated 5.1-gigabaselong genome. Furthermore, 95% of the assembled fragments were linearly ordered, with half of all sequences belonging to DNA pieces of 1.9 megabases or longer, which is more than 1,000 times longer than the pieces used to assemble the earlier, lower-quality barley sequence 3 . This allowed Mascher et al. to produce seven chromosome-like sequences, matching the number of barley chromosomes. The authors identified and mapped the locations of about 39,000 genes. Notably, these genes accounted for only 1.4% of the genome, whereas more than 80% consisted of repetitive sequences called transposable elements.
An analysis of genome composition revealed a striking pattern. In each chromosome, there were three types of compartment -distal, interstitial and proximal -that had distinct organizational and structural properties. There was an exponential increase in the number of genes towards the distal compartment at each chromosome end, along with an increase in the rate of recombination (the process by which genetic material is exchanged during sexual reproduction).
The distal compartments were enriched in rapidly evolving defence genes, whereas the proximal compartment towards the centre of each chromosome contained more 'housekeeping' genes, which regulate everyday cellular activities such as respiration and photosynthesis (Fig. 1) . The authors also found that the genome's repetitive sequences were highly unevenly distributed, with different types of repeat being located at different positions on the chromosome, and only certain types being found close to genes. The inter stitial compartments contained repeats that, evolutionarily, had been inserted in the genome more recently than those in the proximal region.
It has been known for some time 3 that the proximal chromosomal regions do not recombine, unlike other regions of the chromosome. Therefore, the genes in these regions are locked into large blocks that are rarely broken up or reshuffled in the breeding process. Confirming the distinctive evolutionary history of this part of the chromosome, transposable elements in this compartment were more ancient than those in the other regions, and had been eroded by the accumulation of many mutations.
A potential consequence of a lack of proximal DNA recombination is exemplified by the HvCEN gene, which regulates both the time of flowering and adaptation to geographical latitude. Mascher and colleagues showed that this gene is located in a large, non-recombining block. Breeders select plants carrying a specific form of the HvCEN gene that is ideal for spring barley, and therefore unwittingly select for all the other genes in the non-recombining region, even though they might be unfavourable. The authors' genome sheds light on the gene complement in this block, which should enable improved breeding efforts, including gene editing to replace unwanted forms of genes, or induced recombination. Such efforts could produce highly desirable new gene combinations.
This reference sequence -the largest high-quality genome available from any plant sequenced so far -is a game-changer for barley genetics and breeding. However, it should be complemented by information from other barley plants that have different genetic make-ups (genotypes). It is estimated that a single genotype of a given plant species contains only about 85% of all the genes present in the species as a whole 7, 8 . To optimize breeding potential, more genotypes must be sequenced at high quality. In addition to their reference sequence, Mascher et al. generated partial sequences of 96 high-yielding barley lines, which together demonstrate serious erosion of genetic diversity among modern barley varieties. This is essential new information for barley breeders, who should now redesign breeding strategies to increase diversity.
The barley reference genome will also boost basic research in cereals. Large collections of mutant barley plants exist, but have been mostly unstudied, because lack of access to the barley genome made it hard to identify the genes that cause trait changes. Such collections will now become accessible to rapid gene identification 9, 10 . Furthermore, comparative analysis with species such as durum wheat, bread wheat and rye will open up exciting opportunities to better understand cropspecific biology and to study genome and chromosome evolution. Finally, an informed use of the barley genome, combined with the establishment of CRISPR-Cas9 gene-editing technology in barley 11 , will allow sophisticated breeding interventions that should help to improve traits such as grain quality and resistance to pests and diseases, giving a boost to this 
